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“The Tay Viaduct, Dundee.” 
By CRAWFORD BARLOW, B.A., M. Inst. C.E. 

BEFORE giring a description in  detail of the viaduct, the  Author 
thinks  that a few of the circumstances  which occurred between 
the collapse of the old bridge  and  the  preparing of the design 
of the  present  viaduct,  will assist the description of the works. 

The  grave  calamity  which befell the  structure, now known as 
the  “Old  Tay Bridge,” occurred on the  night of December 28th, 
1879. The  part of the work  which  fell, during  the  storm on that 
eventful  night,  was  the  thirteen  large  girders  forming  the  central 
portion of the  bridge,  the  aggregate  length of which  was  about 
3,000 feet. The ironwork of the  twelve  intermediate piers which 
supported theso girders  was carried away;  but  the pier a t   the  
northern end, and  that  at  the  southern end, although  much 
strained  and damaged, did  not fall. The  remaining portions of 
the  bridge were uninjured. 

A long  and  exhaustive  inquiry was made into  the cause of this 
accident  by a specially  appointed Court of Inquiry, consisting of 
Mr. Rothery,  the  Wreck Commissioner, Colonel Yolland, R.E., 
Chief Inspector of the  Railway  Department, Board of Trade, 
and Mr. W. H. Barlow, the  then  President of this  Institution. 

The  report of the Court, and a separate  report  by Mr. Rothery, 
appeared on the  30th of June, 1880, and,  in  the session of 1880, 
application  was made  to Parliament  by  the  North  British  Railway 
Company  for powers to  restore  the old bridge. 

The House of Commons, having suspended the  Standing  Orders 
to allow the  Bill  to be  introduced, remitted  the  Bill t o  a  Select 
Committee of seven members, with  the following  special in- 
structions : - 

“That  they  have power to  inquire  and  report as to  whether 
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the  Tay  Bridge should  be rebuilt  in  its  present position, or 
whether  there is any  situation more suitable,  having due regard 
to  the  safety of the  travelling  public  and  the convenience of the 
locality. 

“ That  their special attention be  directed to  the  interests of 
the  navigation,  and  that  the  height of the bridge shall be so 
fixed as  not  injuriously  to  interfere  with  the  river navigation. 

“That  they  shall consider generally  in  what way any  bridge 
that may  be authorized  should be constructed so as  to secure i ts  
permanent safety.” 

This Committee, after  hearing evidence, reported to  the House 
of Commons that  they  had  arrived at   the following decision :- 

“ l. That  the  bridge should  be  reconstructed. 
“ 2. That  the  present  site was the most suitable. 
“ 3. That  the reconstruction of the  bridge  at  the lower  elevation 

of 77 feet over four spans of 245-foot girders, from centre to  
centre of piers, instead of 88 feet, above high  water,  will occasion 
no  due interference with  the  navigation of the river.” 

The Committee finally reported that  they  had unanimously come 
to  the decision of not  sanctioning  the scheme before them,  their 
reasons being  that  the scheme proposed a combination of old and 
new  work which appeared to  them to  be objectionable. 

The Directors of the  North  British  Railway Company, on re- 
ceipt of this decision, referred the  entire question of reconstruc- 
tion  to Mr. W. H. Barlow,  who was requested to  report as to  the 
best course to be  pursued t,o  effect the restoration of the  bridge, 
in such a way  as  to secure  absolute and  permanent  stability of 
the  structure. It was also decided by  the Directors to make the 
new  work for  a double line of railway. 

In order to  carry  out these instructions,  the  preliminary  steps 
taken were :- 

1. To obtain  a  series of soundings in  the  vicinity of the bridge, 
to  ascertain  what  had been the effects of the scouring  action of the 
tide. 

2. To take  borings at  intervals of about  every 500 feet in  the 
bed of the  river,  and  in a line  parallel t o  the  centre  line of the 
old bridge. 

3. To load two of the old piers with  test weights. 
4. To  prepare a trial  cylinder  which  was  to be sunk  in  the 

worst  material  found  by  the borings, and then t o  be loaded. 
The  borings showed that on and  near  the shores on the  north 

and  the  south sides of the  river,  the  material  was whinstone, while 
from the  south ahore a8 far as pier No. 12, it was  sandstone. 
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Beyond the rock on both sides, very  tough boulder clay extended 
for  about 900 feet, and between these points the  material  was 
mainly micaceous sand mixed in some parts  with a small quantity 
of clay, forming  what was termed '' silty sand,'' and in  these 
sands there occurred beds of gravel of varying  thickness ; while 
from pier No. 17  to  pier No. 20, a bed of fine plastic clay was 
found overlaying  the boulder  clay. This bed of sand 'exceeded 
70 feet in depth. 

Two of the  piers of the old bridge were loaded with 1,500 tons 
of rails, so that  the  weight applied, together  with  the  weight of 
the  cutwater  and foundations,  amounted to 3 -  6 tons  per  square 
foot (gross) ; or, deducting  the  weight of sand and  water displaced, 
it was  equal  to a net increase of pressure of 2.87 tons per  square 
foot. One of these  piers was  in  the clean sand and  the  settlement 
was  only 4 inch ; the  other  pier  was  in  the fine micaceous sand, 
and the  settlement produced was a little over 2 inches. 

The trial cylinder was sunk  to a depth of 20 feet  by means of 
the  pneumatic process in  that  part of the river-bed where  the 
borings showed the worst material, namely, silty sand. A bottom 
of concrete having been put  in, it was loaded until a  gross 
weight of 7 tons  per  square foot (equal to 53  tons net  weight) was 
reached. This produced a settlement of 5$ inches, which  did not 
increase, although  the  weight was kept on for three  and a half 
months. 

The  soundings  and sections of the river-bed showed that  the 
construction of the Old Tay  Bridge  had caused a deepening of 
the  river  in  the  vicinity of the bridge, more especially at  those 
parts where the  current of the ebb-tide  was  strongest. The  total 
asea of waterway occupied by  the  piers  amounted  to  about one- 
tenth of the  total  waterway of the  river,  and it was found that 
the  extent of scour was such as to restore to  the  river  about the 
same area  as  that occupied by  the piers. 

In the meantime,  comparative designs  and  estimates were pre- 
pared  for the following  ways of dealing  with  the reconstruction. 

1. By  widening  the  bridge on one side. 
2.  By  widening it on both sides. 
3. By constructing an independent  bridge fnr a double line. 
A fourth design was considered in  which it was proposed to 

make  a new single-line bridge  parallel  to  the old bridge,  and  to 
brace the  two  structures  together. 

The  three designs  for  restoration, which proposed to  utilize 
the old foundations,  necessitated  protection  works in consequence 
of their not having been sunk deep  enough to be out of danger 
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from scour. The various forms of the old foundations, some of 
which were made with  single cylinders, others  with double 
cylinders, some elliptical, some partly  square  and  partly round, 
while some were placed on  piles, made this protection  a matter of 
great  difficulty  and complexity. 

Two  other considerations materially affected the question, one 
being  that  the Board of Trade had  prohibited the use or continu- 
ance of piers formed of small cast-iron columns with wrought-iron 
ties;  and  the  other  was  that  the  standing portions of the old 
bridge afforded a ready  means of communication by  rail, for 
bringing  up  men  or  material  to a new  bridge to be built along- 
side  the old one. Taking all these circumstances into account, 
together  with  the  relative  estimates of cost, Mr. Barlow recom- 
mended the Board of Directors  to construct a new  bridge, and  the 
Board  having concurred in  that  recommendation, the necessary 
plans  and  estimates  were deposited in November 1880. 

In   the evidence given on the  Bill, Mr. Barlow stated his inten- 
tion of testing  every pier with a weight  equal  to one-third more 
t,han that produced by  the  weight of the  structure added to  that 
of the rolling-load from traffic on both  lines of rails. The  Bill 
was passed, with a clause to  carry  out  that  stipulation,  and a 
further clause was  appended relative  to  the removal of the  ruins 
and dBbris of the old bridge,  which, from its peculiar  wording, 
led  to  legal difficulties and  delay in the commencement of the 
work. 

The Royal  Assent was given  to  the  Bill on the  18th of July, 
1881 ; and  the  contract  drawings  and specifications having been 
prepared, tenders were invited,  that of Messrs. William  Arrol 
and Co. being accepted in October 1881. 

The  legal  disputes as to  the  interpretation of Clause 21, relating 
to  the removal of the  ruins  and dCbris of the old bridge,  had  the 
effect of postponing the commencement of operations until  the 
beginning of 1882. In  consequence of this delay, the  prepara- 
tion of the  plant, &C., for the execution of the work, instead of 
being carried  on during  the  winter of 1881, was thrown  into  the 
summer of 1882, and  although some work was commenced on the 
shores in  that  year, no practical progress was made in  the fuunda- 
tions  until  the  beginning of 1883. 

The New Tay  Viaduct carries a double line  throughout,  and  is 
10,527 feet in length. The straight  portion is 7,397 feet in 
length,  and its direction is nearly  north  and south. The  straight 
part of the  new work is parallel  to  the  straight  part of the old 
bridge, the  centre  lines of the  two  being 60 feet  apart.  At  the 
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southern end, the  lines of railway  branch westwards towards 
St. Fort,  and  eastwards  towards Newport. 

In  the Old Tay Bridge,  which  was  made for a single line, these 
branches were carried  by  two  separate single-line  viaducts, forming 
a junction  at some distance from the shore. The  water of the 
river could be seen between these  two  viaducts;  and  in com- 
pliance with conditions laid down by  the Committee of 1880, the 
junction of the  new  viaduct  was  carried  nearer  the shore, so as  to 
enable  the  two branches to be placed on a  continuous structure of 
brick-arching of sufficient width  to hold both  the  branch lines, 
each of which  has been constructed as a double line, so far  as  the 
viaduct extends. After  reaching  the  high  ground of the shore, the 
main line  runs  towards  St.  Fort  and  the  south,  and is continued as 
a double line,  but  the  branch lino towards Newport is brought 
into a single line. 

At  the  northern  part of the  viaduct,  the  line,  which crosses 
the  river  at  about  right-angles  to its course, is brought  into  the 
line  which  runs  into  Dundee  nearly  parallel  to  the  river  by means 
of a curve of 21 chains radius. This portion of the work is 
not  equidistant from the old bridge,  but  gradually approaches it, 
until a  point is arrived a t  where the  lines of rails of the New 
Viaduct  unite  with  the  lines  leading  into Dundee  Station. 

Of the  thirteen  large  girders  which form the  central portion of 
the  viaduct,  the  four southernnlost are over the navigable  channel, 
and  at  these  spans  there is a  clear headway of 77 feet at  high- 
water of spring-tides. From  the  navigable spans to  the  southern 
shore, the  line rises with a gradient of 1 in 562, and from the 
navigable  spans  to  the  northern shore it falls with a gradient of 
1 in 113.75. (Plate 5 ,  Pig. 1.) 

The piers and arches at  thc  southern  end of the  viaduct  are 
of brickwork, and need no special remark,  except  that, as the 
work  widens  out  southwards of the  junction,  the  last  three 
arches  are considerably  wider on their  southern  than on their 
northern  sides;  and,  in order to equalize the  weight of the  two 
sides, relieving  arches  with hollow spaces are  built on the  south 
side of each arch. 

Proceeding northwards from the  abutment of these three arches, 
there  are  seventy-three piers (Plate 5,  Fig. 2). These  piers, the 
superstructure of which is made of wrought-iron plate, are  carried 
by  two cylindrical masses of concreto and brickwork, formed in 
the  interior of wrought-iron cylinders previously sunk to  the re- 
quired  depth  in  the river-bed. At  the level of 1 foot 6 inches 
above high-water,  they  are connected together  by a horizontal 
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member, of concrete and brickwork, 7 feet deep, and supported 
on strong cast-iron  hearers.  Upon the  upper  parts of the solid 
cylindrical legs of the pier, and also along  the connecting piece 
between, a strong  wrought-iron  frame serves as a base to  which 
the wrought-ironwork above is firmly bolted. This wrought-iron 
framing is secured by sixteen  wrought-iron  tie-bolts, each 24 inches 
in  diameter, the lower ends of which are anchored down by  large 
cast-iron plates placed at  the level of low-water. It was  finally 
filled and covered with concrete, and at  the lower part of the con- 
necting-piece there is a string course of granite  running round the 
pier. The object of this  strong  and massive connecting-piece is 
to  give  strength  and  solidity to  the piers, in  order to  resist the 
effects of ice, which occasionally appears  in considerable quantities 
in  this  part of t.he Tay. 

Approaching the  northern shore, there  are  three oblique piers, 
carrying two sets of arched  girders, known as the  “Esplanade 
spans.” They  have been so made, by  agreement  with  the local 
authorities,  to  admit of an  intended extension of the esplanade 
with  headway sufficient for carriages to pass under. Next  to 
them  are four spans, covered by  girders  and carried by  cast- 
iron cylinders. After  that,  the road which bounds the  existing 
esplanade is crossed with  girders 108 feet in  length,  and  finally 
there is one arch of brickwork,  which  with  its  pier serves to form a 
termination of the  new viaduct, and  to  unite it with  the  land 
arching  leading  into Dundee Station. 

Between the brick archway on the  south side of the  river,  and 
the esplanade spans on the  north side, there are, as before stated, 
seventy-three piers. Their construction, and  the manner in which 
they were  erected, constituted one of the  principal  features of the 
operations. 

The  nature of these  piers being similar  throughout  the work, 
excepting as regards  the dimensions, which varied with different 
spans  (Plate 5, Figs. 2, 5 ,  S ) ,  a description of one of them  will be 
sufficient to show how this  part of the work was carried out. 

Plate 6, Fig. 4 is an isometrical  view of one of the  large piers, 
of which  Fig. 3 is the elevation. The solid cylindrical  part of 
each of the  two  legs  which  support  the  iron  superstructure is 
15h feet  in diameter, and  it  extends  to  an  average of about 
1 foot above  low-water. Below this  level  there  are  wrought-iron 
cylinders 164 feet  in  internal diameter. At 13 feet from the 
bottom they  are  enlarged  by conical sides to 23 feet in  diameter, 
and, with  the  two  cylindrical bases of -this area,  the  weight of 
the superstructure, added t o  the  weight of 1 ton  per foot on 
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each line for rolling-load, produces from 3 to 34 tons per  square 
foot of pressure on  the foundations. 

The  upper  part of the  permanent  cylinders is provided with a 
projecting flange, and  when  they were sunk  into  the  river  to  their 
proper level and filled with concrete, temporary  cylinders 1Sg feet 
in diameter were  bolted to  them,  to  facilitate  the  building of the 
upper  portion of the  cylindrical legs. When  this was done, the 
temporary  cylinders were removed, and  the remainder of t.he work 
was proceeded with. 

The  permanent  cylinders were built on shore. I n  order to 
enable  them  to be sunk  in  their places, special pontoons were 
designed by Mr. Arrol, and proved to be  completely successful. 
The pontoons  were fitted  with  four  large hollow wrought-iron 
cylindrical legs. By means of hydraulic  apparatus,  these  legs 
could be  raised or lowered when  the pontoons were  floating, and 
when  the  legs were firmly bedded in  the  sand of the river-bed, 
the whole pontoon could be raised and lowered by  the  hydraulic 
apparatus. 

The  central  portion of the pontoon was provided with  two rect- 
angular openings, large  enough  to  let  the baaes of the  cylinders 
pass  through. On the pontoon there were  steam-engines for 
working  the  excavating  apparatus  and concrete-mixing machine, 
besides steam-cranes  for lifting  and lowering, and various other 
apparatus. 

When  the pontoons were fixed in position, they possessed 
remarkable firmness, and  steadily  resisted  the effects of those 
high seas to  which  this  part of the  Tay is occasionally liable 
There were four of these pontoons on the works, of dimensions 
suited  to  the size of the  cylinders  intended  to be sunk by them. 

The  cylinders  having been first riveted  up  in  annular divisions, 
drilled  and  fitted  to each other, were conveyed to  the pontoons, 
where  the  separate  parts  were  permanently bolted. At  the 
bottom of the  cylindrical  part,  where  it joined the conical base, 
there was an  internal  projecting ledge,  on which  brickwork  was 
built before the  cylinder  was lowered on to  the  river-bed. 

The  excavating was then commenced, and  generally,  in  addition 
t o  the  cylinder  and its brickwork,  very  heavy  weights  had t o  be 
added  to force the  cylinder  to  the required depth. 

This  having been done, and the bottom carefully cleaned out, 
the concrete, which was composed of six parts of gravel  and sand, 
and one part of good Portland cement,  was put  in  under water. 
The concrete made in  this  way  set  extremely well, and became 
very hard and solid. When  the concrete was completed to the 
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level of the  permanent  part of the  ironwork of each pair of 
cylinders,  the process of testing  was commenced. 

I n  order to  test  the foundations, thirty  thousand cast-iron blocks, 
of 1-foot square section, were obtained, 23 feet  long,  and each 
weighing $ ton. 

The lower part of the foundations having been made ready,  as 
before described, the  test  weights were placed on the foundations 
and on girders  laid across the  pair of cylinders.  Levels  were 
taken  and recorded previous to  the load being  applied,  and from 
time  to  time  as  the  loading proceeded, and  afterwards,  until all 
subsidence ceased. These levels were checked personally by 
Major Marindin, R.E., on behalf of the Board of Trade, and for 
this purpose he  frequently  visited  the works. 

The  aggregate  weight placed upon the  seventy-three piers  was 
92,000 tons, and  the  greatest depression  was rather  under l& inch 
for a ton  per  square foot. With  this depression as  the maximum, 
the subsidence diminished to zero in  the case of rock foundations, 
which nevertheless were  tested in compliance with  the  requirements 
of the  Act of Parliament. 

When  the  cylinders of a pier  had been duly  tested  and certified, 
the  upper  temporary  cylinders were fixed. The anchoring-plates 
and holding-down bolts were put  in,  and  the work  was  carried on, 
and completed up  to  the  level of the lower part of the  wrought- 
iron  shafts  or  superstructure of the piers. Above this level, the 
piers opposite to  the  standing portions of the old bridge required 
a different  treatment from those opposite to  the  girders which had 
fallen. 

From a careful  examination of the  girders  left on the  standing 
portions of the  bridge, it was  found  that  although  needing some 
additions  and modifications to  adapt  them  to  the  new work, yet 
they were generally  in good condition, and could be utilized. 
It was decided to  use  them by placing  them on the outsides of the 
new work under  the  parapet,  putting between them,  under  the 
lines of road, two  new  weight-bearing  girders,  and connecting the 
old and  new  girders  together  by  suitable  transverse  framing. 

In proceeding with  the  piers of this  part of the work, the 
wrought-iron  plated  superstructures were first completed to  their 
full  height.  Then, commencing at  the  shore ends of the bridge, 
the  pair of old girders,  including  their  transverse connections, was 
carried across to  the  centre of the  new piers. 

As the  level of the  new work  differed from that of the old work 
by 11 feet  near  the  navigable openings, running  out  to zero near 
the shores, the  transfer of the old girders  to  the  new piers was 
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not accomplished by  the same means throughout.  Where  the 
relative levels  were suitable,  they were shifted  by means of trans- 
verse girders  laid from the old to  the  new piers ; but  the  others 
were  carried across by  an  ingenious  floating  staging, constructed 
by Mr. Arrol, fitted  with  hydraulic  apparatus for lifting  and 
lowering. 

The old girders when on the old piers served to  bring men and 
materials  to  the various parts of the  new work, and when placed 
on the  new work they served in  the  first  instance  to  enable  the 
new  girders  to be brought  to  their respective  destinations. Finally 
the old girders  were separated, the  new  girders were placed 
between  them, the transverse connecting frames fixed, and  the 
whole system of four  girders was covered with a strong  decking 
of corrugated steel. 

The  large  girders  (Plate 6, Fig. 7) were erected on a staging 
near  the  southern  end of the  viaduct  at  Wormit.  Every span  was 
formed of two " hog-backed " girders, which are 29 feet  high  in 
the  centre of the span, connected at intervals  by  framing 16 feet 
above the rails, and also attached at  their bottom booms by cor- 
rugated decking, 16  inches deep, built up of plates  and channel- 
irons, and  firmly  riveted  together,  and  to  the bottom booms 
(Plate 6, Figs. 8 and 9). 

Each  pair of these  girders was  completed when on the  staging, 
except  for  a short  length  at  their ends, where  the  transverse 
connections were  temporarily  omitted in order to enable  the 
process of lifting  to be  carried on. 

In the  staging  there  were  two  openings of sufficient size to 
admit of two  large pontoons being floated in  beneath  the girders. 
The pontoons were fitted  with  hydraulic  lifting  apparatus,  and, 
when  the  tide rose sufficiently, the  girders were floated, and 
hauled  out  by steam-tugs. By means of these  tugs,  and  by a well 
devised system of moorings, the  pair of girders was brought over 
the  piers  which were to  receive them,  and  accurately  adjusted  to 
their position. They were then  gently lowered on to  the  timber 
balks placed on the piers  for the reception of the  projecting ends. 
By these means the  thirteen  pairs of large  girders were conveyed 
from the shore to  the  viaduct  without  mishap  or accident. 
The  first  pair of large  girders  was floated out on the 7th of 
December, 1885, and  the  last on the  26th of February, 1887. 

As soon as two  contiguous  spans received their girders, the 
pier on which  they rested  was  erected to  the  height of the first 
channel-iron above the arched  portion, and the  plates were riveted 
together,  excepting thoae at and above the ends of the girders. 
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The  plates could not be put  in  where  the ends of the  girders stood, 
and above that Ievel they were  only  bolted in, so as to permit of 
removal  as  the operation of lifting proceeded. This  latter process 
was accomplished by  hydraulic  apparatus  attached to, and placed 
nnder,  the ends of the girders. 

In the  interior of the piers were steel uprights of ample strength 
t o  carry  the  weight of the  girder  and  all  the  apparatus on i t  and 
connected with it. They were perforated a t  given  intervals, 
t o  receive strong  steel pins, on which  rested steel bearing-girders, 
against  which  the  rams of the  hydraulic  apparatus operated. 
Each  lift of the presses was sufficient to  permit of another  set 
of bearers  being inserted.  Proceeding step  by  step  in  this manner, 
the  large  girders  were  lifted  to  about 2 feet above their  intended 
level, and  throughout  the operation  no weight was thrown upon 
the  wrought-iron work of the pier. As the  girder was raised, 
the bolted plates above it were removed, and  the  plates below 
were put  in  and  permanently  riveted. I n  order to stiffen the 
separated  portion of the  pier  while  the operation of lifting pro- 
ceeded, strong  temporary cross-bracing was put in. 

In  the construction of the pier, and  to  distribute  the action of 
the  weight of the  girder on to  the metal, a bearing-frame of strong 
cross-girder work was placed under  tho bed-plates and roller-frames 
beneath  the girder. When  all  was finished, and  the  large  girders 
were lowered down upon their bed-plates, tlie  temporary  steel 
uprights  and  the  temporary cross-bracing  were removed, and were 
used again  in  other piers. 

These  operations, like  that of floating out  the  girders, were 
carried on without  failure  or accident, 

As regards  the principle of construction of the  plated piers, i t  is 
fo be observed that  there  is a great  saving of weight as compared 
with piers of brick  or masonry, and  that,  in  the case of this bridge, 
sa,ving of weight  was accompanied by a corresponding saving  in 
the dimensions and cost of foundations. 

The ironwork is very  strong,  the mean stress upon the piers is 
little more than 2 tons per square  inch.  The  piers  are provided with 
interior horizontal bracing at  intervals from the bottom to  the top, 
and are stiffened externally  by  vertical  T-irons  and channel-irons. 

All  the  girders  and  wrought-iron  piers  and  cylinders were, in 
the first  instance, built up and  fitted  together a t  Messrs. Arrol’s 
works at Glasgow. The holes, with  the exception of the  cylinders 
and  the outside plates of the piers,  were drilled,  and  the  riveting 
was chiefly done by  hydraulic pressure. The  girders  and  wrought- 
iron piers and cylinders were conveyed t o  the works in pieces, and 
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as much as possible of the  riveting  was done a t  Glasgow, consistent 
with  keeping  these pieces of suitable dimensions for carriage. 

The  viaduct is covered from end to  end  with a decking of corru- 
gated steel, and  the sleepers of the  permanent-way  are bedded on 
ballast  laid  in  the corrugations. 

Above the decking, all along the viaduct, there  is  a  strong 
parapct of lattice-work,  and between it and  the  rails  there  are 
strong wooden guards, protected at  their angles by iron, and made 
hollow to receive on the one side a steel water-pipe 9 inches in 
diameter, and on the  other gas-pipes and  telegraph wires. 

The piers of the  new  viaduct  are opposite the piers of the old 
bridge, except in   the curved part  near  the  north shore. 

The  currents of the ebb-tide run obliquely, varying  in  direction 
between  neap-tides and spring-tides, and it was thought probable 
that some further scour might  arise from this  cause;  but  the 
principal effects on the bed of the  river  appear  to be attributable 
to  the operations connected with  sinking  the  new cylinders, and 
to  the obstruction caused by  the pontoons and  other  temporary 
works  during construction. In  anticipation of effects of this 
nature, provision was made in  the  contract for filling in with 
rubble  any holes or spaces that  might  be scoured out, As a 
matter of experience, it has been found that  any  tendency  to local 
effects of scour is easy to control,  provided that a sufficient 
amount of water-way  is  left for the flow  of the  river. 

Provision was made for the effects of expansion and contraction 
a t  about  every 500 feet on the  straight  part of the viaduct, and  in 
the  permanent-way  there  are corresponding fished expansion-joints. 
Between the expansion-joints the  girders  are connected together 
in groups. The  total expansion  provided  for, estimating a varia- 
tion of 75O of temperature, is about 5 feet in the  length of the 
viaduct. 

I n  connection with  the  arrangements for expansion and contrac- 
tion, it was considered desirable to  make provision against  any 
possible tendency in  the  girders  to  travel  in  the direction of the 
prevailing  gradient. To prevent  this,  the  four  girders  at  the 
south  end  are  fastened by means of a strong anchorage  bedded 
10 feet  back in  the brickwork of the  abutment,  and  at  thirty- 
eight places along  the  viaduct  the  girders  covering one span  in 
each group of girders  are  firmly bolted down to  two piers. By 
this means the  amount of separation  which can take place by 
contraction between  any  two  groups of girders  is  limited,  and 
no tendency  to  change of position in  the  girders has been found. 

It is satisfactory  to be able  to  state  that,  although  the  works 
[THE INST. C.E. VOL. XCIV.] H 
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were carried on by  night  as well as by day, comparatively  few 
accidents  happened,  considering the  number of men employed. 
Those which  did  happen were  almost entirely confined to  men 
falling off the pontoons or off the  wharves ; none were occasioned 
by  the  failing of any of the  apparatus employed in  constructing 
the works. 

The  viaduct  was opened for public traffic on the  20th of June, 
being  the  fiftieth  anniversary of the accession of Her Majesty the 
Queen, since which  date a large traffic has been running over the 
viaduct. 

In conclusion, i t  is the  wish of his  father, Mr.  W. H. Barlom, and 
that of the  Author,  to place on record their appreciation of the 
skill  and  ability shown by Mr. William Arrol, the Contractor for 
the works, and also by Mr. Fletcher F. S. Kelsey, M. Inst. C.E., 
the  Resident  Engineer,  and  his  Principal  Assistant, Mr. F. C. 
Caffin,  Assoc. M. Inst. C.E. Mr. W. H. Bidder, M. Inst. C.E., 
assisted in  the calculations, which were  somewhat  tedious and 
lengthy. 

The  Paper is accompanied by several diagrams, from which 
Plates 5 and 6 have been prepared. 
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